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HOUSING FUNCTIONS: SHELTER AND ENVIRONMENT
by
Michael J. Burrill, Capt., USAF*
HOUSING FUNCTIONS: SHELTER + ENVIRONMENT
Housing is more than shelter. It determines our level of 
physical comfort, to be sure. But the dichotomy between occupant 
needs, income, and housing costs gives housing a greater dimen­
sion: it sets our budget for other basic needs. Housing reflects 
our economic status and serves as a vehicle for communicating 
our aspirations, creativity, and individual identity. The multi­
plicity of housing functions establishes housing as the most im­
portant element in our life-style.
For many, obtaining adequate housing is an unreachable goal. 
The slum dweller is reconciled to existence, rather than living, 
in housing that is a source of despair and loneliness, a reminder 
of failure, a depressant that does not go away when the working 
day ends. Even those who can afford the best of shelter discover 
that money does not always buy the sense of place, stability, and 
harmony with the natural environment that can be found in viable 
communities.
The critical factor that sets this frame of mind is that the 
relationship between income, housing needs, and housing costs is 
almost a constant over which the individual has little control. It 
is too late to take back children after you have had them; rents 
keep pace with wage increases. Proclamations from government 
and the design/construction industry that the relationship is im­
proving will not pay the bills.
For lower income levels, the choices available hardly fulfill 
basic shelter needs, not to mention the functions of a successful 
total environment. This lack of choice is most apparent in basic 
design factors. In almost any new project, or even within most 
cities, the choice of locations, house types, styles, room sizes, 
and room arrangements reflect what the market analyst thinks will 
sell, rather than what the occupant would like to have. Mass 
housing has taken the designer away from his client, leaving the 
occupant with control over only the details. Housing has become 
a “ take-it-or-leave-it”  industry.
Increasing subsidies to bridge the gap between income and 
housing costs will not solve this aspect of the problem, because 
it affects all income levels. The paradox is that it is possible 
within the restraints of existing technology to substantially improve 
design and reduce occupancy costs. Some of the solutions are so 
obvious, when you examine all of these costs at once, that it hurts. 
They remain out of our grasp because they seem too simple or 
innovative to work, or may reduce somebody’s profit margin, or 
would require massive changes in the organizational and political 
establishment of the housing industry.
The missing formulas for low-cost housing outlined herein are 
not intended to masquerade as universal solutions. They are pre­
sented to provoke change, on the premise that the special interest 
groups that control housing design and costs may eventually realize 
that they stand to gain as much from change as they might lose.
METHODOLOGY: MATRIX OF VARIABLES
A matrix illustrates the relationships between dependent 
variables. As such, it represents an effective way to show the 
gap between income and housing costs, the factors that affect 
housing performance, and the elements that determine total occu­
pancy costs. By displaying these relationships graphically, the 
matrix simplifies the task of finding ways to improve design and 
reduce costs.
The matrices used are concerned with five basic variables 
that even the most unsophisticated individual is aware of every 







“ What can I spend?”
“ What will living here be like? ”  
“ What does it cost to live here?”  
“ How is this house made?”
“ How long will this house last?”
The synthesis of the matrix analysis is an outline of the missing 
formulas for low-cost housing.
The figures used throughout the cost analysis represent the 
hypothetical market structure of a major US city; they are not 
intended to reflect average costs for a specific location or the 
entire country. It is almost impossible to get accurate median 
costs for many of the items, and to preclude arguments along that 
line it should be clearly understood that the numbers game is used 
here only to show the consequences of changing certain basic 
assumptions. If the numbers selected correspond closely to costs 
in your home town, it is no accident -  they were not intended to 
grossly distort reality.
OCCUPANT INCOME: “ WHAT CAN I SPEND?”
The simple answer is, “ Not very much. ”  If you assume that 
the market structure of our hypothetical city only permits spending 
25% of your net-take-home pay for housing, the mismatch between 
income and housing costs is clearly presented in Table 1.
The basic occupancy costs shown are for new housing of 
moderate size for the unit types indicated. Median prices for 
land, site development, and construction cost were used to arrive 
at the figures (calculations are shown later). The wide variation 
in total occupancy costs reflects the difference between the first 
years after a family is created, when furnishing costs are high, 
and later years when most furniture has been acquired.
The initial conclusions are obvious: the family earning $200/ 
month cannot even afford a new dormitory room, and even the 
family with $600/month income has trouble finding a low-rise 
apartment or mobile home to meet their needs. The $2000/month 
elite may spend more than 25% of their income to live in well- 
furnished high-rise apartments, townhouses, or single-family 
homes. And the least expensive unit to build, the mobile home, 
actually costs more to occupy than most low-rise apartments.
The paradox of the market is that the existing housing in good 
condition costs almost as much as new housing. The options left 
open to the lower-income family are to occupy older housing at a 
higher density than it was designed for, live in housing in poor 
condition, accept a subsidy, or spend a higher portion of their in­
come for housing (eliminating some other basics such as food/cars). 
An option that is not open, even though it would seem preferable to 
these, would be to occupy new housing that is not quite as large or 
expensive as median-price housing but which offers equal construc­
tion quality and the stability of a successful environment. Such 
housing is not readily available because the government criteria 
establishment has proclaimed it unfit for human habitation (or at 
least, mortgage insurance) and the financial community has, in 
turn, set financing terms that are out of reach. And so the tale of 
this city is that it has slums, vacant housing is not really vacant, 
the rich subsidize the poor, and no one is very happy but the people 
who make money off the status quo. The government’s solutions 
miss the forest for the trees in its backyard.
HOUSING FUNCTIONS: ‘ *WHAT WILL IT BE LIKE TO LIVE 
HERE?”
The complexity of housing functions and the relationship be­
tween the various parts of a house makes it extremely difficult to 
answer this question. Until very recently, the standards in com­
mon use throughout the industry were concerned primarily with 
how a house should be made, rather than how it should perform.
♦Architect, Housing Division, HQ USAF, 2709 Cheverly Avenue, 
Cheverly, Maryland
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TABLE 1: MATRIX OF OCCUPANT INCOME vs. HOUSING 
OCCUPANCY COSTS
Variables: Income, Unit Type, Unit Size, Costs
Monthly Net Income Unit Type Occupancy Costs
Total 25% Basic* Total**
$200 $ 50 Dormitory Room $ 70 $ 75-125
400 100 High-Rise Apartment $175-350 $180-680
600 150 Low-Rise Apartment $105-220 $155-575
800 200 Townhouse $160-230 $190-775
1000 250 Single Family House $210-290 $250-885
2000 500 Mobile Home $170-200 $180-230
* PITI or Rent + Utilities, Maintenance
♦♦Basic Costs + Transactions, Moves, Furnishings
Even today, such a basic issue as minimum unit sizes has been 
grossly oversimplified.
The recent publication of HUD’s “ Operation Breakthrough”
Guide Criteria has made a long-emerging trend official: the day is 
not far off when performance specifications will supplement, if not 
supplant, prescriptive materials specifications in general use. 
Criticism of the criteria, despite its shortcomings, has been mild — 
given its potentially revolutionary impact on the industry. The basic 
approach has been generally applauded, except by old-guard skeptics 
who refuse to accept the possibility that performance levels can be 
stated precisely enough to insure good results. Others have argued 
that some of the specific criteria establishes performance levels 
that are much higher than the norm, resulting in a quality break­
through but precluding a cost breakthrough.
The performance approach is perfectly suited for turnkey 
housing programs, however, and other US Government Agencies 
have followed HUD’s lead and attempted to eliminate these short­
comings. The Air Force recognized that the “ Breakthrough”  
criteria was not adequate for use as a self-sufficient procurement 
document. The Statement of Work for its FY-72 Industrialized 
Family Housing Program combined the performance approach with 
prescriptive criteria from FHA 300 (Minimum Property Standards) 
and Air Force requirements for unit sizes, electrical/mechanical 
systems, and mobility features. (1) The criteria for all aspects of 
housing performance for 2900 units at 11 US locations was sum­
marized in 100 double-spaced pages, supplemented only by FHA 
300 and concept site designs for each base. This blend permitted 
identification of acceptable conventional methods of construction 
but also left the door open for innovations that met the specified 
levels of performance.
The lack of consistent performance codes and a well-defined 
hierarchy of enforcement officials adds an enormous, underter- 
mined amount to the cost of securing design approvals. It remains 
a direct barrier to volume production, especially but not exclusively 
for factory builders. Designers, builders, and suppliers almost 
universally support trends to reduce the number of code variations 
and approval authorities. Local vested interests view such trends 
with the alarm of railroad firemen, even though performance codes 
would only supplement materials specifications and code enforce­
ment would remain with local officials, who would defer to “ higher 
levels”  only when innovations required complex testing. HUD’s 
task is to bring order to the chaotic “ chains of command”  now 
evolving so that the precedence of codes and approval authorities 
is clearly defined.
A pure performance code would identify the performance level 
and the role of each building element in meeting that requirement, 
without mentioning specific materials. Materials, components, 
and systems of construction which have met the test requirements 
could be listed in tabular form in an appendix.
Table 2 is a diagram of the possible structure of a code 
relating pure performance criteria to building elements. A matrix 
intercept (♦) indicates that the element in question has an effect on 
attaining the desired performance. (2) Example: “ Private outdoor 
space shall be designed to eliminate noise and objectionable views 
from or of the site, neighboring streets and houses, interior rooms, 
and adjacent walls of the house and yard. ”  Interior mechanical 
systems and furnishings have little effect on this requirement.
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Community/ Privacy * * * * *
Scope * * * * ♦ * *
Arrangement/Circulation * * ♦ * * ♦ *
Flexibility/Mobility * * * * * * *
Appearance * * * * * * *
Structural Performance * * * * * *
Acoustic Environment * * * * * * *
Illumination * * * * * *
Atmospheric Environment * * ♦ * *
Utilities Supply * * ♦ * * *
Waste Disposal * * * * * *
Communication * * * * * * *
Safety * * * * * * *
Assembly/Disassembly * * * * * *
Life Cycle * * * * *
Detailed quantifiable/qualitative criteria would appear in subpara­
graphs for each matrix intercept.
Qualify control and construction process requirements would 
appear under “ Assembly/Disassembly” ; maintenance requirements 
and guarantees would appear under “ Life Cycle. ”
The matrix offers a unique outline of performance criteria for 
housing sought by individuals in our hypothetical city -  objectives 
that its present housing has not met:
All Housing Types. Site design which relates the dwelling 
unit to the community and preserves desirable natural features 
(grades/trees) to the front and rear of units; unit design that places 
windows only where views make sense; unit appearance that is not 
artificially contrived to mask underlying sameness or that does not 
consist of irrelevant, ill-proportioned vestiges of another era; 
multi-function rooms that permit flexible furniture arrangements; 
mobile partitions and storage elements to recognize that user needs 
change as much at home as at the office; more storage space; units 
designed for future expansion to reduce moving expenses; low- 
maintenance building envelopes; quiet mechanical systems that use 
less fuel; flexible construction systems that depend on standardized 
components rather than standardized floor plans to achieve con­
struction economies; involvement of the occupant in selecting the 
combination of elements that suits his life-style.
Apartments. Project design that provides focal points for 
community interaction and identity and relieves the sense of iso­
lation; large units and play areas in close proximity for families; 
ground-floor units that reflect their greater privacy and safety 
requirements; usable balconies and private outdoor spaces (multi­
function rooftops); private auto parking with adjacent storage areas/ 
workrooms; envelopes that provide complete acoustical and visual 
privacy at low cost.
Townhouses. Site design which provides rational setback 
variations that define usable outdoor spaces/courts; additional 
private open space (balconies/courts/atriums/roof-tops); private 
parking; unit appearance that clearly defines each individual unit 
without creating an eclectic collection of styles throughout the 
project; acoustically-private party walls.
Single-Family Units. Site design at high density that does not 
sacrifice privacy (zero-lot line sideyards/rearyards that eliminate 
views from adjacent units); intensive development of patios; unit 
orientation, grading, and setbacks that relieve monotony in a manner 
harmonious with the design of the unit and existing natural features.
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The mobile housing of the city deserves special comment 
because it lacks almost all of the elements of a successful total 
environment but yet offers perhaps the best opportunity to achieve 
acceptable low-cost housing:
Mobile Homes. Site design that relates the unit to the site and 
other units, bringing it closer to ground level to eliminate the need 
for stoops/patios/skirts; removing the wheels on-site without 
imposing the restrictive code requirements, transaction costs, and 
taxes associated with real estate; private open space that is 
visually and acoustically separate from the street and adjacent units; 
unobtrusive parking logically related to entry doors; entry paths 
clearly defined from the street; concealed utility connections; 
functional variations in setback and orientation; carports, awnings, 
and storage sheds of materials compatible with the unit and propor­
tioned to overcome the linear massing of single-wide units; a 
wider range of exterior finish materials, roof shapes, and floor 
plans (especially smaller double-wides with massing more suitable 
for site design than single-wide units); facade materials and relief 
that give units substance and an air of permanence; aluminum 
skins that do not try to imitate other materials; efficient room 
arrangements that eliminate wasted circulation space and provide 
increased storage (witness the Pullman car); room design that 
accommodates standard-sized furniture and permits several 
arrangements; variations in ceiling heights; neutral wall finishes 
that permit the occupant to create his own style; high-quality 
furnishings selected individually by the occupant; improved 
acoustical/structural/mechanical system performance; construc­
tion process that achieves true volume production and scale 
economies through the use of standardized components; construc­
tion that will last 50 years and increased occupant property owner­
ship (prerequisites of long-term financing).
HOUSING COSTS: “ WHAT WILL IT COST TO LIVE HERE?”
The important thing to notice about almost all of this perfor­
mance criterion for successful environments is that it involves 
innovative design, rather than increased construction cost. Those 
requirements that would increase costs would be offset by those 
that would reduce costs.
Rational cost/benefit analysis in housing is rare -  unequal 
houses are compared on unequal terms to reach conclusions that 
do not make common sense. Perplexed individuals in our hypo­
thetical city get a straight answer only when asking, “ What is the 
p rice?” , because that is all the builder has thought about. But 
what they really want to know is, “ What will it cost me to live 
here?”  -  for the unit, maintenance, utilities, transactions, taxes, 
furnishings, and all the other items that are a part of total occu­
pancy costs. Then the pros and cons of unequal housing (as 
described above) could at least be weighed against accurate pro­
jections of unequal costs.
Not only does the individual want to know whether it will cost 
more to live in a mobile home, single-family unit, or townhouse 
than to live in an apartment, or cost more to own rather than rent. 
He also wants to know why housing that is inexpensive to build is 
not always inexpensive to live in; why some of the basic items he 
purchases cost more to finance and have higher payments than the 
house itself, even though he never misses a payment; why so much 
of his monthly paycheck goes for intangible items that have no 
apparent benefit. A close look at all of the cost factors will reveal 
the impact of changing basic premises underlying the most impor­
tant ones.
This matrix (Table 3) for comparing housing costs on equal 
terms indicates why there is no simple answer to how to cut costs. 
Champions from one segment of the industry almost universally 
favor solutions within their own realm without considering the 
effect of other factors. It is critical to always come back to that 
simple baseline question, “ What will it cost to live here?”
Components of total occupancy costs are indicated vertically 
and factors affecting these costs horizontally. As in the matrix of 
housing functions, an intercept (*) indicates that components and 
factors are related.
Figures for these cost components for the typical new housing 
in our hypothetical city are indicated in the matrix of total occupancy 
costs in Table 4 on the next page.
TABLE 3: MATRIX OF TOTAL OCCUPANCY COSTS 




























Site Development * * *
Dwelling Unit * * * * *
Public Amenities * * * * *
+ Profit Location Modifier *
= SALES PRICE
Down Payment * * * *
Princ ipal/lnterest/T erm * * * *
Taxes/Insurance * * * *
Utilities * *
Maintenance/Repair * * * * *
Administrative Services * * * * *
+ Vacancies/Profit * * * * *
= BASIC OCCUPANCY COSTS
Transactions * * * *
Moves * * *
+ Furnishings * * * *
= TOTAL OCCUPANCY COSTS
Depreciation/ Appreciation * * * * * * *
The figures shown in the matrix of total occupancy costs 
(Table 4) reflect median unit sizes, densities, and costs for 
land, sitework, and unit construction for conventionally-designed 
new housing in our hypothetical city. They include the proportionate 
share of public amenities typically provided for each unit type, and 
they include builder’s profits, modified to reflect prevailing market 
rates for existing housing. The monthly PITI payment is based on 
8% 30-year conventional financing and 2% annual property tax rate 
for fixed-site housing; PITI for mobile homes is based on 10%
10-year financing and a flat $300/year tax rate. Real property 
transactions costs for townhouses and single-family units assume 
a 5-year cycle between moves and costs from 9% to 18% of property 
value for one complete cycle (buying/selling). It is assumed that 
apartments are predominately renter-occupied and mobile homes 
treated as chattel property, significantly reducing transaction costs 
for both. Moving costs are directly proportional to unit size and 
reflect a 5-year cycle. The wide range of furniture costs stems 
from quality variations and depends on whether items are bought 
gradually for cash or bought all at once (and then financed for 3 
years at 12%). Furnishings costs are directly proportional to unit 
size, except for mobile homes (which come fully-furnished and this 
item is included in PITI).
Clearly, these costs would vary widely for larger or smaller 
units, other locations, and other basic assumptions regarding 
financing terms and moving cycles. The methodology for display­
ing relative cost differences in this manner is our main concern. 
Each cost element will be examined in turn after some interesting 
paradoxes are noted:
1. Basic occupancy costs are a suprisingly low proportion of 
total occupancy costs, even if median quality furnishings are 
chosen.
2. The most compact form of housing, the dormitory room, has 
a median square-foot cost so high that the cost advantages of 
small size are lost. Per person, it may be the most expen­
sive housing.
3. High-rise apartments cost considerably more to rent than 
low-rise apartments of comparable size, because they have 
more amenities and services and cost more to build and manage.
4. Basic occupancy costs for owner-occupied townhouses are 
lower than for smaller low-rise apartments because of lower 
construction costs and the absence of management costs.
5. The unfavorable financing terms for mobile homes add $55 to 
$66 to the monthly cost of living in such units, compared to 
the same units financed at 8% for 30 years.
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TABLE 4: MATRIX OF TOTAL OCCUPANCY COSTS
Variables: Basic Occupancy Cost (Unit Type, Size, Cost, Utilities, Maintenance/Repair, Services, Vacancies, Profit) 
Total Occupancy Costs (Basic Costs + Transactions, Moves, Furnishings)
Unit Type Size Median
Cost
Monthly Occupancy Costs (% and 











Room 60% + 9% + 6% + 13% + 12 = 100% 0%
1BR 150 SF $ 4,800 $ 43 $ 6 $ 4 $ 9 $ 9 = $71 +$ $1-3 $1-50 $72-124
High-Rise 60% + 9% + 6% + 13% + 12% = 100% 0%
Apartment OBR 400 SF $11,700 $105 $ 17 $ 10 $ 22 $ 21 $175 $3-6 $3-130 $181-311
90% rental 1BR 650 SF 16,200 143 21 14 31 29 238 4-8 5-210 247-456
2BR 800 SF 18,900 170 26 15 37 35 283 5-10 7-270 295-563
3BR 900 SF 20,700 186 28 19 40 37 310 6-12 7-300 323-622
4BR 1000SF 22,500 202 30 20 44 40 336 7-14 8-330 351-680
Low-Rise 70% + 16% + 4% + 2% + 8% = 100% 0%
Apartment OBR 450 SF $ 8,550 $ 76 $ 17 $ 4 $ 2 $ 9 $108 $3-6 $4-150 $156-264
95% rental 1BR 700 SF 12,050 109 25 6 3 12 155 4-8 6-230 165-393
2BR 850 SF 14,150 128 29 7 4 15 183 5-10 7-280 195-473
3BR 950 SF 15,550 140 32 8 4 16 200 6-12 8-310 214-522
4BR 1050SF 16,950 152 35 9 4 17 217 7-14 8-340 232-571
Townhouse 80% + 16% + 4% + 0% + 0% = 100% 9%-18%
10% rental 2BR 900 SF $14,300 $129 $ 26 $ 6 $161 $21-42 $3-9 $7-300 $192-512
3BR 1100SF 16,700 151 29 7 187 25-50 6-18 9-360 227-615
4BR 1400SF 20,300 183 36 9 228 30-60 8-24 11-460 277-772
Single 80% + 16% + 4% + 0% + 0% = 100% 9%-18%
Family 2BR 1000SF $19,000 $171 $ 34 $ 9 $214 $28-56 $3-9 $8-332 $253-611
15% rental 3BR 1200SF 21,000 194 39 10 243 32-64 6-18 10-400 291-725
4BR 1500SF 25,500 229 46 11 286 38-76 8-24 12-498 344-884
Mobile 87% + 11% + 2% + 0% + 0% = 100%
Home 1BR 650 SF $ 9,200 $147 $ 19 $ 4 $170 $10 $2-7 $0-10 $182-197
2% rental 2BR 700 SF 10,200 160 20 4 184 10 2-7 0-10 196-211
3BR 800 SF 11,200 173 22 4 199 10 2-7 0-10 211-226
6. Total occupancy costs for owner-occupied single-family 
housing is only somewhat higher than costs for much smaller 
high-rise units with the same bedroom count.
7. Transactions costs add 15%-30% to basic occupancy costs for 
owner-occupied real property.
8. The monthly cost of furnishings can exceed the cost of the 
dwelling unit itself -  they become reasonable only when low- 
cost items are bought gradually for cash.
The most important factors affecting total occupancy costs in 
our hypothetical city are construction costs, financing terms, 
transactions costs, and furnishings costs, and they will be ex­
amined in detail in search of formulas for low cost housing.
Further discussion of utilities costs, maintenance costs, rental 
overhead and profits, and moving costs will be omitted for the sake 
of brevity.
The range of housing types and construction cost components 
in our city is shown in Table 5 on the next page. Median figures 
correspond to those in the matrix of total occupancy costs. Once 
again, several paradoxes abound:
1. The rental housing is almost exclusively limited to higher 
densities and smaller unit sizes. Individuals who desire 
mobility apparently do not have large families. Public housing 
is included in this category even though larger units at lower 
densities could be built for the same money.
2. Clustered multifamily units (high-rise/low rise apartments and 
townhouses) are rarely sited at low densities even though land 
costs per unit in suburban areas would still be reasonable and 
more space would be available for public amenities.
3. Mobile housing is rarely sited at single-family-unit densities, 
even though this would not add much to total construction costs 
and it is difficult to make effective use of land when you are 
dealing with a long, narrow box with unpredictable door and 
window locations.
4. Unit sizes at the low end of the scale for fixed-site housing 
are the same, because the criteria to qualify for mortgage 
insurance dictates these minimums. Curiously, 25% of the 
new housing in the city (mobile homes) is exempt from these
standards, which indicates that many people are perfectly wil­
ling to survive with less space. The number of years people 
spend in dormitory living also tends to support this view.
5. Efficiency and 1-BR units are almost unheard of in low-density 
housing, even though occupancy costs for such units would be 
much less at lower densities. People who need little space 
inside apparently also have no desire for private outdoor 
living. Median unit sizes increase as density decreases, 
reinforcing the point.
6. Mobile homes are rarely as large as other single-family units, 
even though they have the lowest construction cost.
7. Land costs do not decrease in direct proportion to density 
increases, because higher-density housing is almost always 
on more expensive land. Site development costs decrease as 
density increases, but only up to a point. Cars cost more to 
house at high densities (garages cease to be an option).
8. Clustering units (townhouses/apartments) does not always 
reduce the cost of enclosing a given amount of space, despite 
economies inherent in shared streets, services, walls, floors, 
and other elements. Shared elements have higher performance 
levels that may result in higher component costs. Clustered 
single units, however, consistently reduce land and sitework 
costs.
The consequences of ignoring accepted market practices can 
be vividly illustrated by the matrix of land, site development, and 
unit construction costs, Table 6. Expanding the range of choices 
available for each unit type will radically alter the initial cost 
figures.
1. Siting units at higher densities on less expensive land clearly 
reduces land costs.
2. Increasing density reduces site development costs by reducing 
the scope of items required for each unit (as long as quality 
changes such as garages do not become mandatory).
3. For any given site, unit type, and density, clustering units 
closer together has the same effect (offset only by the cost of 
additional privacy/drainage features). Clustering also results 
in more public open space.
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TABLE 5: MATRIX OF FACTORS AFFECTING UNIT CONSTRUCTION COSTS
Variables: Unit Type, Density, Unit Size, Land Cost, Sitework, Unit Costs




















High-Rise Apt low 30 350 500 600 800 950 100 2000 11
90% for rent median 50 400 650 800 900 1000 1000 3500 18
high 200 600 800 1000 1200 1400 3000 5000 35
Low-Rise Apt low 10 350 500 600 800 950 100 1000 9
95% for rent median 20 450 700 850 950 1050 250 2000 14
high 30 600 800 1000 1200 1400 2500 3000 20
Townhouse low 5 600 800 950 50 2000 9
10% for rent median 10 1000 1200 1500 500 3000 12
high 15 1200 1600 2000 1000 5000 20
Single Family low 1 600 800 950 250 3000 9
15% for rent median 3 1000 1200 1500 2000 4000 13
high 7 1200 1600 2000 5000 6000 20
Mobile Home low 5 600 700 700 50 2000 7
2% for rent median 7 650 700 800 200 3000 10
high 10 700 1000 1200 2000 4000 13
TABLE 6: MATRIX OF CONSTRUCTION COST VARIABLES
Variables: Land Cost, Density, Site Development Costs, Unit Size/Cost
Unit Type/Density Land Costs Per Acre
DU/AC Rural.........
$500 $1000 $5,000 $10,000 $50,000 $150,000
SF 2 $250 $ 500 $2,500 $ 5,000 $25,000 $ 75,000
SF MH TH 5 100 200 1,000 2, 000 10,000 30,000
SF MH TH 10 50 100 500 1, 000 5, 000 15,000
APT TH 20 25 50 250 500 2,500 7,500
APT 50 10 20 100 200 1, 000 3,000
APT 100 5 10 50 100 500 1,500
Site Development Costs Per Acre 
$5,000 $10,000 $30,000 $50,000 $100,000 $500,000
SF 2 $2,500 $ 5,000
SF MH TH 5 2,000 $ 6,000
SF MH TH 10 3, 000 $ 5,000
APT TH 20 1,500 2, 500 $ 5,000
APT 50 1,500 2,000
APT 100 1,000 $ 5,000
Gross Dwelling Unit Cost Per SF
Area $ 8 $10 $12 $14 $16 $18 $20
200 SF $1600 $2000 $2400 $2800 $3200 $3600 $4000
400 SF 3200 4000 4800 5600 6400 7200 8000
600 SF 4800 6000 7200 8400 9600 10800 12000
800 SF 6400 8000 9600 11200 12800 14400 16000
1000 SF 8000 10000 12000 14000 16000 18000 20000
Larger units can be derived by adding or doubling these figures.
4. Increasing density reduces dwelling unit costs only if quality 
or scope increases (such as more vertical circulation space) 
do not become mandatory.
5. Reducing unit size has an enormous effect on construction 
costs. Trends towards increased dormitory, apartment, 
and mobile home living indicates that efficiently-designed 
small units are becoming increasingly acceptable. Minimum 
space standards should reflect these trends.
6. Reducing square-foot construction costs through industrializa­
tion, increased production volumes, and greater use of stan­
dardized components will also have considerable effect.
The cumulative effect of implementing all of these changes at 
once is shown in Table 7. Only median figures are shown — 
readers may project figures above and below the median.
These changes would result in construction costs for each unit
type as much as $10,000/unit lower, across the board. Granted, 
some of these savings would be passed on to occupants only if 
non-profit housing authorities as well as developers built such 
housing for sale or rent without subsidy, to provide a sufficient 
impact on prevailing market rates.
Financing costs , transaction costs , and furnishings costs can 
also be reduced considerably.
Financing terms can become targets for change either through 
direct government control (price freeze) or subsidy. Changes in 
prevailing rates and terms would affect everyone, regardless of 
income, without the red tape of present low-income subsidy pro­
grams .
1. Decreasing the interest rate 1% subtracts 50-80£ from the 
monthly payment for every $1000 borrowed.
2. Increasing the mortgage term from 30 to 40 years has less
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TABLE 7: MATRIX OF FORMULAS FOR LOW-COST HOUSING: CONSTRUCTION COSTS
Variables: Unit Type, Density, Land Cost, Sitework Costs, Unit Size/Cost




















High-Rise Apt 50 350 550 700 850 950 100 2000 16 $7700-17300
Low-Rise Apt 30 350 550 700 850 950 150 1500 12 5850-13050
Townhouse 15 400 600 800 1000 1200 250 2000 10 6250-14250
Single-Family 5 400 600 800 1000 1200 1000 3000 11 8400-17200
Mobile Home 5 400 600 800 1000 1200 500 3000 8 6700-13100
TABLE 8: MATRIX OF MONTHLY OCCUPANCY COSTS FROM DEBTS 
Variables: Term, Interest Rate
Interest Rate Monthly Payment Per $1000 for Variable Terms 
5yrs lOyrs 15yrs 20yrs 25yrs 30yrs 35yrs 40yrs
6% $19.33 $11.10 $8.43 $7. 16 $6.44 $5.99 $5.70 $5.50
7% 19.80 11.61 8.98 7.75 7.06 6.65 6.38 6.21
8% 20. 27 12.13 9.55 8.36 7.71 7.33 7.10 6.95
9% 20.76 12.67 10.14 9.00 8.39 8. 05 7.84 7.7110% 21.24 13.21 10.74 9.65 9.08 8.77 8. 59 8.49
12% 22.23 14.32 11.95 10.98 10.49 10.25 10.12 10.09
Increase 1% 47-50(1 51-56(1 55-61(1 59-67(1 62-71(1 66-75(1 68-77(1 300rH
Increase 6% 2.90 3.22 3.52 3.82 4.05 4.26 4. 42 4.49
Rate/Amount lyr 2yrs 3yrs 4yrs 5yrs
12% $1000 $ 89 $ 47 $ 33 $ 26 $ 22
$5000 444 235 166 132 111
$10000 888 470 332 263 222
Rate/ Amount 5yrs lOyrs 15yrs 20yrs 25yrs 30yrs 35yrs 40yrs
8% $ 1000 $ 20 $ 12 $ 10 $ 8 $ 8 $ 7 $ 7 $ 7
$ 5000 101 61 48 42 39 37 36 35
$10000 203 121 96 84 77 73 71 70
$15000 304 182 143 125 116 110 107 104
$20000 406 243 191 167 154 147 142 139
$40000 811 485 382 335 309 294 284 278
effect on monthly payments than a 1% drop in the interest rate, 
but the difference between 10 and 30-year financing for mobile 
homes is a whopping $5 per $1000 borrowed, per month, even 
at a constant 8%.
3. Combining both points, it is easy to see why short term fi­
nancing of $10,000 worth of furniture (3 yrs at 12%) costs $259 
per month more than long-term financing of a house the same 
price (30 yrs at 8%), during the payment period.
4. The mobile home industry should reflect on these points before 
arguing that higher-quality mobile homes that have a 50-year 
actual life and high-quality furnishings would not be easy to 
sell.
To these costs must be added the monthly payment for taxes 
and insurance. It is often argued that property taxes are less 
equitable than income taxes as a means of collecting money, even 
if all real property is taxed at the same rate and renters are 
treated on the same terms as owners. Clearly, this is true if the 
goal is to perfectly match income with taxes paid. It is obvious 
from this study that housing property values vary widely for any 
given income level. Calculating the effect of such a change is 
beyond the scope of this study and it may turn out to be simply a 
case of robbing Peter to pay Paul. The same amount of money 
would probably have to be collected in the end, although at least it 
would not influence a man’s choice of where to live.
Increasing the availability of owner-occupied apartments, 
particularly low rise units, and increasing the number of rental 
low-density units would also significantly alter living patterns in 
our hypothetical city. Both changes would reduce the costs by 
reducing total management costs.
TABLE 9: MATRIX OF MONTHLY OCCUPANCY COSTS FROM 
TRANSACTIONS
Variables: Transaction Costs, Years Between Transactions 
Constants: $25,000 Unit, 7% VA Loan, 30-Year Term
Cost/Transaction Monthly Occupancy Cost/Yrs Between 
Transactions
1 2 3 4 5 10 30
Low (9%) $2, 250 $187 $ 93 $ 62 $47 $37 $19 $0
High (18%) $4,500 $375 $187 $125 $94 $75 $37 $1
TABLE 10: MATRIX OF TRANSACTIONS COSTS 
Variables: Transfer Taxes, Services, Title, Points, Realtor, 
Taxes in Escrow




















Total Cash Outlay 2%-7% 7%-ll%
♦Includes Local Transfer Taxes, Title Search/lnsurance, Survey, 
Lawyer’ s Fees
♦♦Low figure reflects loan made at prevailing market rate
High figure reflects loan made at 1% below prevailing market rate
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Real properly transactions costs create forced immobility for 
properly owners. Reducing such costs would give property owners 
the same freedom to move as renters and would greatly relieve 
slum conditions by increasing property ownership (which is almost 
always followed by improved housekeeping). Monthly costs range 
from $19 to $375 in our city, depending on how often you move and 
what you pay for (see Table 9). There is no reason apparent 
to the average layman why it should cost so much more to 
transfer real property than to sell a car, simply because more 
money is involved and the lack of a serial number makes it harder 
to describe the property. The situation creates an intolerable 
condition for the “ first home”  buyer. Even with a no-down pay­
ment VA loan, it takes $1800 to move into a $25,000 house. The 
circumstance that there is almost no low-density housing to rent 
increases the sense of frustration. Where does the money go?
1. Property transfer taxes account for a large portion of the 
total. The argument to transfer these to some form of monthly 
income tax also applies.
2. Title search costs, title insurance costs, and lawyer’s fees 
are high because of illegal kickbacks and unnecessary make- 
work in many cases. (3) There are surprisingly few losses 
as a result of title suits. Thus, most of this money goes for 
services that have very little tangible benefit for the home- 
owner.
3. Points can, of course, be eliminated by control or subsidy or 
transferred to some form of monthly payment like other 
interest.
We need to examine the basic premises underlying these legal 
and financial “ accepted practices’ ’ and ask ourselves if these 
services are needed at all. If housing transactions are made simple 
enough, there might not even be a need for the services of a realtor. 
Costs of $400 for a complete cycle sound better? (Bankers, 
lawyers, realtors may not answer!)
Furnishings costs, the surprising scapegoat of our study, 
cannot be ignored. Obviously, you can save money by buying less 
expensive items or living in a smaller unit. These changes, com­
bined with lower interest rates and financing terms that reflect the 
actual life cycle (10 years or longer) would have considerable 
effect. Furnishings could be sold with the unit, or separately, 
selected in either case by the occupant. Financing these at the time 
of the first home purchase would give young families in all housing 
types a new lease on life.
What happens to total occupancy costs when all of these methods 
of reducing costs - construction, financing, transactions, furnish­
ings -  are combined at once ? The comparison between the cost 
figures in Table 13 and those in Table 4 is a tale of two cities . . . 
when will we act?
T A B L E  11: M A T R IX  OF NET EQ U ITY A F T E R  TRAN SACTIO N S, 
APPR ECIA TIO N , INCOM E T A X  REFU N D 
V a r ia b le s : Y r s  B etw een T ra n sa ction s , A p precia tion  R ate, T a x  Refund 
C on sta n ts: $2 5 ,0 0 0  Unit, 7% VA L oa n , 3 0 -Y e a r  T e r m , T ra n sa ction  C osts
Item Cum ulative N et Equity A t End O f Y ea r  
1 2 3 4 5 10 30
P u re  Equity $ 257 $ 531 $  826 $1141 $1480 $3578 $25000
-T ra n sa ct io n s -2250 -2250 -2250 -2250 -2250 -2 2 5 0 -2250
-M in im u m  Equity -1993 -1719 -1424 -1109 -  770 +1328 +23750
+ 5% A p precia tion +1250 +2500 +3750 +5000 +6250 +12500 +37500
+ T a x  Advantage + 200 + 200 + 200 + 200 + 200 + 200 + 200
-  M axim um  Equity $ 543 $1181 $2926 $4691 $6480 $15628 $64250
T h e fig u re s  in th is  table indica te that co s t  co m p a r iso n s  betw een liv in g  
in  m o b ile  h om es o r  apartm ents v s .  ow n er -o ccu p ied  housing a re  o ften  
d is to r te d  when equity  is  m entioned. T ran sa ction s  c o s t s  s ig n ifica n tly  
r e d u ce  net equ ity , depending on how  often you m o v e . T h is  ta b le  i s  based 
on  co n se rv a t iv e  figu res  fo r  tran saction  co s ts  (9%) and fa v ora b le  estim a tes  
f o r  app recia tion  and tax advantages. At b est, you  on ly  have $6480 to  take 
to  you r  next house a fter 5 y e a rs .
T A B L E  12: M A T R IX  O F M ON TH LY O CCU PA N CY COSTS FOR FURNISHINGS 
V a ria b les : Unit S ize , C ost o f  F u rn ish in gs, L ife  C y c le , F inan cing T e rm s
Unit S ize F u rn ishings C o s t /S F  M onthly C ost
$1 $3 $5 $10 Y r s  1 -3 * A v era g e**
100 SF $100 $300 $500 $1000 $3 -33 $ 1 -8
500 S F 500 1500 2500 5000 16 -166 4 -4 1
1000 SF 1000 3000 5000 10000 3 3 -3 3 2 8 -8 3
1500 SF 1500 4500 7500 15000 4 9 -4 9 8 1 2 -125
2000 SF 2000 6000 10000 20000 6 6 -6 6 4 16 -167
* A ssu m es  a ll furn ish ings p u rch a sed  in f ir s t  y e a r  and financed  at 12% f o r  3 y r s .  
♦♦A ssum es furn ish ings have an avera ge  l ife  o f  10 y e a r s  and a re  bought 
gradu a lly  fo r  ca sh .
T A B L E  13: M A T R IX  O F T O T A L  O CCU PAN CY COSTS : H Y P O T H E T IC A L  C IT Y #2 
V a ria b les : Unit T y p e , S ize , M edian C ost, B a s ic  C o s t , T ota l C osts  
C onstants: 7% 3 0 -y e a r  F inan cing (Unit), 2% Annual T a x e s /In su ra n ce
7% 1 0 -y e a r  F inan cing (F u rn itu re ); $400 P e r  T ran sa ction  C y c le ,
3 -5  y r s  C y cle , $ 1 -1 0 /S F  F u rn ish in gs, $5 /m on th  f o r  M oves
Unit T ype #BR Size M edian
C ost PITI*
M onthly O ccu p an cy  C osts  
B a s ic  T ra n s  F u rn  T ota l 
C o s ts  C o s ts  C o s ts  C o s ts
R oom 1BR 150 SF $3000 $25 $36 $ 5 -1 0 $ 2 -1 7 $ 4 8 -6 8
H ig h -R ise OBR 350 SF $7700 $64 $91 $ 5 -1 0 $ 4 -4 1 $105 -1 47
50% ren ta l 4BR 950 SF $17300 $144 $205 $ 5 -1 0 $11 -110 $226 -3 30
L o w -R ise OBR 350 SF $5850 $49 $70 $ 5 -1 0 $ 4 -4 1 $84 -12 6
50% ren ta l 4BR 950 SF $13050 $109 $156 $ 5 -1 0 $11 -11 0 $177 -2 81
T ow nhouse OBR 400 SF $6250 $51 $64 $ 5 -1 0 $4 -4 6 $ 78 -12 5
25% ren ta l 4BR 1200SF $14250 $119 $149 $ 5 -1 0 $14 -139 $173-303
Single OBR 400 SF $8400 $70 $88 $ 5 -1 0 $ 4 -46 $102 -1 49
25% renta l 4BR 1200SF $17200 $143 $180 $ 5 -1 0 $14 -139 $ 2 0 4 -3 34
M ob ile  H om e OBR 400 SF $ 67 00 $56 $70 $ 5 -1 0 $ 4 -4 6 $84 -131
25% ren ta l 4BR 1200SF $13100 $109 $136 $ 5 -1 0 $14 -139 $ 16 0 -2 90
♦PITI is  70%  o f  B a s ic  C o s ts  f o r  r o o m s , a p ts ; 80% fo r  a ll o th e rs .
CONSTRUCTION SYSTEMS; “ HOW IS THIS HOUSE MADE?’ ’
LIFE CYCLE: “ HOW LONG WILL THIS HOUSE LAST?”
The cost analysis of the preceding pages would be of little 
value if the housing produced did not meet the performance criteria 
for a successful environment, particularly with respect to construc­
tion quality and durability. Trends towards industrialization are 
viewed in many circles with mixed reactions - enthusiasm for its 
potential to reduce costs and skepticism that the only way it will 
do so is to reduce quality.
Systems building processes will cut costs if flexible, stan­
dardized, multi-function components are developed that permit 
volume purchasing and production. This is equally true for on­
site and off-site production; frame, panel, or box systems; light­
weight or heavyweight systems; fixed-site or mobile housing.
It is essential to recognize that standardized component 
systems need not imply standardized designs. No one wants mo­
notonous, look-alike housing to roll off the assembly line, no 
matter how fast or how little it costs. The positive approach is 
to realize that industrialization will bring with it increased flexi­
bility and design freedom, imporved quality control and durability.
The curious thing is that our hypothetical client who lives in 
the new housing will soon be unable to tell whether it was made in 
a factory or on-site. It is significant that, to him, how well it is 
made and how much it costs are considerably more important.
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